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Tuesday, February 5, 2013 461avoltage-dependent inhibition while the molecular mechanism for the voltage-
independent inhibition remains to be elucidated. Here, we addressed whether
the hydrolysis of PIP2 is responsible for the inhibition remaining after a condi-
tioning pulse, named as voltage-independent inhibition. We recorded CaV2.2
currents from rat superior cervical ganglion neurons. We isolated the
voltage-independent inhibition with a double-pulse protocol and assumed
that the inhibition remaining after a conditioning pulse corresponds to the
voltage-independent pathway. To test our hypothesis, we changed the PIP2
concentration by means of blocking phospholipase C, filling the cell with
a PIP2 analogue, and preventing PIP2 re-synthesis. The internal dialysis of
short-chain PIP2 was firstly assessed during the muscarinic inhibition of
KCNQ2/3 channels. First, we determined the required magnitude, duration,
and interval between the conditioning and second pulses to isolate the
voltage-independent inhibition. Our results show that the inhibition of phos-
pholipase C reduces the inhibition remaining after a conditioning pulse upon
noradrenaline or muscarinic application. Dialyzing into the cell micromolar
concentration of short-chain PIP2, through the recording pipette, hampers the
muscarinic inhibition of KCNQ2/3 current in tsA-201 cells as well as the volt-
age independent inhibition of CaV2.2 channels in neurons. Also, blocking the
phosphatidylinositol 4-kinase with wortmannin avoids the recovery from the
voltage independent inhibition. These results support the hypothesis that the
hydrolysis of PIP2 is responsible of the voltage-independent inhibition of
CaV2.2. Regulation of levels of PIP2 in nerve terminals can result in the reg-
ulation of presynaptic calcium channels and in the subsequent modulation of
exocytosis.
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The RGK family of small G-proteins, including Rad, Gem, Rem and Rem2, are
inducibly expressed in various mammalian tissues and regulate voltage-
dependent calcium channels (VDCC) and Rho kinase. In this study, two-
electrode voltage-clamp measurements of CaV2.2 channels and their inhibition
by various Gem constructs were conducted in Xenopus oocytes. Nucleotide
identity had little or no effect on VDCC inhibition by Gem and Rad. Chimeras
constructed from Ras G-domain or CaVb fused to various Gem domain dem-
onstrated that both the Gem G-domain and C-terminus have partial inhibitory
effects. Gem sequences, beginning at the G5 loop through the C-terminus im-
part fully inhibition of the VDCC. This new data supports the hypothesis that
RGK inhibition of VDCC activity does not conform to canonical G-protein
modes of action and largely depends on the C-terminus, not the G-domain of
the protein.
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CaV2.1 voltage-gated Ca
2þ channels are the predominant trigger of neurotrans-
mitter release in the CNS, so their Ca2þ/calmodulin-dependent facilitation
(CDF) could impact short-term synaptic plasticity. CDF is believed to arise
from a Ca2þ-dependent increase in channel open probability, but the precise
magnitude of this increase has been uncertain, owing to complex superposition
of CDF with channel (de)activation under conventional electrophysiological
protocols. Here, we utilize photo-uncaging of Ca2þ with CaV2.1 channels flux-
ing Liþ currents, so that any resulting CDF is driven solely by light-induced in-
creases in Ca2þ. The figure’s black trace shows that a 1 mM Ca2þ step rapidly
triggers an increase in current. No current enhancement is seen in the absence
of Ca2þ photo-uncaging (gray trace). Because channel (de)activation is steady
the instant before Ca2þ uncaging, the increased current relates exclusively to
CDF. Notably, the ~two-fold boost in current suggests that CDF is far stronger
than previously suspected. Moreover, half-maximal CDF was reached by Ca2þconcentrations of ~0.5 mM, well within the
physiological range. Given the fourth-
power relation between Ca2þ entry and
transmitter release, our results suggest that
CaV2.1 channel CDF could play a dominant
role in producing short-term synaptic
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Voltage gated neuronal calcium channels (Cav2.2) gate neurotransmitter re-
lease at specialized regions within the presynaptic nerve terminals, known as
transmitter release sites (TRS). Published studies have predicted that calcium
channels are closely attached to the TRS in an organized structure, supporting
a channel-channel anchoring mechanism. Although calcium channels have
been linked to a broad range of presynaptic proteins, molecular components
of the channel-channel anchor are poorly understood. Our objective is to iden-
tify the mechanism of Ca2þ channel anchoring at the TRS and will explore the
role of channel cytoplasmic regions. GST or strep tagged Cav2.2 cytoplasmic
region fusion proteins were generated and used for pull-down assays from
which distal C-terminus region (C3strep) captured the channel from brain ly-
sate. In order to determine the specific region responsible for Cav2.2 pull-
down, GST fusion proteins comprising overlapping proximal (C3proximal)
and distal (C3distal) regions of C3strep were generated. Our data show that
C3distal region captures the channel from avian synaptosome membrane ly-
sate. This finding was supported by a reduction of channel pull-down from
brain lysate in the presence of a blocking peptide mimicking the last four amino
acids of long splice variant Cav2.2 distal C-terminus which code a PDZ-ligand
domain. C3strep protein was also able to capture transfected Cav2.2 from
TSA201 cell lysate, narrowing down the possibilities of a channel-channel
bridging protein(s). Overall, these data suggest a key role for Cav2.2 distal
C-terminus in channel anchoring at TRS.
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The four voltage sensors in T-type calcium channels have distinct amino acid
sequences, raising fundamental questions about their relative contributions to
the function and regulation of the channel. Studies of Kv channels identified
a S3b-S4 helix-turn-helix motif, termed paddle motif, which moves at the
protein-lipid interface to drive activation of the voltage-sensors. This motif is
an important pharmacological target for amphipathic neurotoxins and it has
been suggested that is conserved in other voltage-gated ion channels. Here
we show that the four S3b-S4 paddle motifs within the T-type calcium channel
could be transplanted into four-fold symmetric Kv channel to individually ex-
amine their contributions to the kinetics of voltage sensor activation and
pharmacology.
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High voltage-gated Ca2þ (CaV) channels are protein complexes mostly contain-
ing a1, b and a2d subunits. G protein-coupled receptors modulate these chan-
nels through diverse pathways. Recently, membrane phospholipid
phosphatidylinositol 4,5-bisphosphate (PIP2) was identified as a key regulator
of these channels and sensitivity to PIP2 exclusively dependent on CaV b-sub-
units. using mouse b2a (mb2a) subunit, we report that simple binding of this
subunit to the membrane surface is sufficient for reducing PIP2 sensitivity.
Compared to rat b2a (rb2a) subunits which are distributed on the plasma mem-
brane following post-translational palmitoylation, mb2a displayed the same
distribution without any lipid modification, merely through its own N-terminus.
Multi-alignment analysis between rb2a and mb2a revealed 98% sequence ho-
mology with main differences in N-terminus. To characterize the contribution
of the N-terminus to mb2a membrane targeting, the 23 amino acids of this re-
gion was sequentially deleted and membrane targeting and current properties of
these mutants were measured. The results demonstrate the last basic amino
acid, K2 residue to be critical for membrane distribution of b subunits and
slow inactivation of Cav current. We also found W5 to be important for the
membrane targeting of mb2a subunit. Finally, binding of mb2a subunit was di-
minished upon receptor stimulation, suggesting the involvement of electrostatic
interaction during binding of mb2a subunit to lipids. Consequently, we propose
that the N-terminus of mb2a, without lipidation, still plays a key role in mem-
brane targeting and this interaction determines the low sensitivity of CaV chan-
nels to PIP2 depletion. Taken together, the results validate that lipidation of
b subunit is not a critical factor for the reduction of CaV regulation by PIP2.
